Release and dispersal of basidiospores of Amanita muscaria var. alba and their potential to infiltrate a nearby residence were investigated. Basidiospore release mainly occurred in the first three days following the expansion of the caps. The concentrations of released basidiospores near basidiomata were 77 137, 75 062, and 41 738 spores m x3 in the first three days, respectively, with the highest concentration at 281 738 spores m x3 air. After three days, the concentration dropped by 95 %. At the second location, airborne basidiospore concentrations dropped 96-99 % after three days with the concentrations of 940, 575, and 1359 spores m x3 in the first three days, respectively. The diurnal pattern showed a relatively extended night peak. Relative humidity and dew were positively correlated with basidiospore release and short distance dispersal. Rain and rain rate were positively correlated with basidiospore release, but not correlated with short distance dispersal. The basidiospore release period of Amanita muscaria var. alba was short, but within such a period it released a large amount of basidiospores. However, only less than 5 % of basidiospores released were dispersed to the second location 5.2 m away and 2.7 m above the basidiomata. Only <0.1 % of basidiospores dispersed from the basidiomata were found inside a nearby residence. Amanita muscaria var. alba showed a low potential of infiltrating the residence.
INTRODUCTION
Amanita muscaria is a widespread species developing ectomycorrhizas with pine, spruce, fir, larch, birch, and aspen in northern temperate zones and common in Europe, Asia, and North America (Mohan et al. 1995 , Nehls et al. 2001 . The var. alba is an uncommon variant infrequent in northern North America (Lindgren 1998) . Amanita muscaria contains ibotenic acid and muscimol, which react with neurotransmitter receptors in the central nervous system (Chilton & Ott 1976 , Tupalska-Wilczynska et al. 1997 , Michelot & Melendez-Howell 2003 . A distinctive syndrome including alternating phases of drowsiness and agitation with hallucinations, and sometimes with convulsions will be produced following ingestion of mushrooms of this species (Tupalska-Wilczynska et al. 1997) . The cap of A. muscaria var. alba is 4-21 cm diam, convex to plane, white to slightly tan on disc and covered with warts ; volva as concentric rings of universal veil tissue on a bulbous base (Lindgren 1998) . During the fruiting season, basidiospores released from basidiomata of Amanita muscaria varieties could be significant to local airborne fungal spore composition and populations due to the relative large sizes of the basidiomata.
Basidiospores are one of the major components of airborne fungi in summer and fall in certain areas around the world (Tarlo et al. 1979 , Vital & Krishnamoorthi 1988 , Cosentino et al. 1990 . Basidiospores were found to be the dominant airborne fungal spores in Hamilton, Ontario (Tarlo et al. 1979) , and in Connecticut in the summer of 2004 (unpubl. data) . However, studies on airborne basidiospores are scarce. Basidiospores in most studies were only identified as a group of basidiomycetes due to the difficulty in identifying basidiospores to genus and family levels based on morphological characters (Li & Kendrick 1995a , b, 1996 . Very few studies have been conducted at the genus level for basidiospores. Airborne Ganoderma, Coprinus, Agrocybe, Calvatia cyathiformis, Marasmius rotula and Chondrostereum purpureum were the only few that were investigated (Dye 1974 , Gilliam 1975 , Tarlo et al. 1979 , Levetin et al. 1992 , Li & Kendrick, 1995a , Craig & Levetin 2000 , Henrı´quez et al. 2001 . Some studies were conducted at the species level on the release and dispersal of basidiomycetes with a focus of basidiomata which included Ganoderma applanatum (Haard & Kramer 1970 , Tarlo et al. 1979 Marasmius rotula, and Chondrostereum purpureum (Dye 1974 , Gilliam 1975 and Ganoderma lucidum in India (Singh et al. 1995) .
Some basidiospores are allergens (Santilli et al. 1985 , Levetin et al. 1992 , Horner et al. 1993 . Sprenger et al. (1988) suggested that basidiospores could be important airborne allergens in the Pacific Northwest. It is necessary to study aerodynamics and temporal patterns of basidiomycetes so that such information can be applied to understanding human exposures and their effects on human allergies. It will be beneficial to study the release and dispersal of basidiospores from basidiomata at the genus and even species levels.
The objectives of the present study were to determine the temporal and spatial characteristics of release and dispersal of basidiospores of Amanita muscaria var. alba and to elucidate the potential of the basidiospores to infiltrate a nearby residence.
MATERIALS AND METHODS
Two fruit bodies of Amanita muscaria var. alba in a group developed simultaneously with the stalks touching each other at the base in late September 2004 on the edge of a mixed coniferous and deciduous wood behind a residential property in Avon, Connecticut. The residence, a two-story colonial single family building with walk-out basement and 7 m in height in the front and 10.2 m at the back was 6 m from the basidiomata. The predominant species of the mixed wood are Eastern hemlock (Tsuga canadensis), eastern white pine (Pinus strobes), American chestnut (Castanea dentata), black birch (Betula lenta), northern red oak (Quercus rubra), white oak (Q. alba), and red maple (Acer rubrum). These trees are over 20 yr old and much taller than the residences in the neighborhood. The development of the fruit bodies was observed daily commencing from the time of expansion of the basidioma caps. When the fruit body commenced opening, 75r25 mm slides coated with a mixture of 90% petrolatum and 10 % paraffin wax were put underneath one of the fruit bodies to catch some basidiospores for confirmation of identification. Once the fruit bodies were mature and their caps were fully expanded, air samplers were set up to take samples at 2 h intervals, 12 samples d x1 . Three samplers, Allergenco MK-3 (Environmental Monitoring Systems, Mt Pleasant, SC) were used to take air samples. The Allergenco sampler collects multiple, discrete fungal spore deposits on 75r25 mm slides. Twelve samples per day were taken on a slide. All the samples were taken at 15 l min x1 for 10 min. One sampler was posited at ground level and 30 cm away from the two fruit bodies. It was placed on a metal pan to prevent water from soaking and damaging the sampler and to minimize the disturbance caused by outlet air to ground surface. A second sampler was placed at a height of 2.7 m off ground and 5.2 m away from the fruit bodies (second location) on a deck. The second sampler was 2.4 m away from the residence. The third sampler was placed in the living room of the residence. As the samplers are not waterproof, both samplers outdoors were sheltered by a cover of 62.5r45r60 cm (LengthrWidthrHeight) from rain damage. Samples were taken from 30 Sept. to 11 Oct. 2004 . The slides used for sampling were replaced in the samplers at 18:30 h daily. Once slides were removed from the samplers, all spore deposits were marked with an extra fine sharpie marker at the lower ends of the deposits to allow locating the samples easily for analysis. The single longitudinal traverse method was used to read all 12 samples on a slide.
75r25 mm slides coated with a mixture of 90 % petrolatum (Fisher, Pittsburgh, PA) and 10% paraffin wax (high melting point 54 xC) were used to collect samples (Li & Kendrick 1996) .
After 7 Oct. Trichoderma harzianum and Penicillium spp. developed on the lower surfaces of the fruit bodies. The fruit bodies collapsed on 12 Oct., and were collected for laboratory examination. They were in too poor a condition to be preserved as vouchers.
Lacto-fuchsin mounting medium and 22r30 cover glasses were used to mount the samples. All the samples were analyzed under an Olympus BX 40 compound microscope equipped with phase contrast and DIC optics. The fungal spore identification was conducted at 400ror 1000r.
The sizes of basidiospores were measured by randomly choosing 30 basidiospores from samples collected on 30 Sept., 12 Oct., and prepared from gills of one of the basidiomata, respectively.
Weather 
RESULTS

Observation of basidiomata development
Two basidiomata in a group started to develop on the ground at the edge of a mixed wood adjacent to a backyard covered by turfgrasses on 23 Sept. 2004. On 26 Sept., the basidiomata were white. Caps were above ground, spherical, and 5-6 cm diam, but not expanded. Separation of caps from volva commenced. The one on the north side was bigger than the one on the south side. On 29 Sept., the basidiomata were partially expanded. Very few basidiospores were released. The basidiomata were fully expanded on 30 Sept. However, the two basidiomata were too close to each other and their caps were forced downward and bent at the sides where the caps met. The basidiomata were similar in sizes (13 cm tall, and 12 and 13.5 cm in cap diameter, respectively). On 8 Oct., basidiomata turned from a whitish to tan to light brown and started to shrink. At the same time, Trichoderma harzianum and Penicillium spp. were observed to develop on the underside surfaces of the caps. Eventually, Trichoderma harzianum and Penicillium spp. completely covered the underside surfaces of the caps. On 11 Oct., both basidiomata collapsed.
Basidiospores
The basidiospores were broadly ellipsoid to elongate, smooth, thin-walled, hyaline, guttulate, and with a conspicuous hilum (Fig. 1) . However, the size of basidiospores at the early stage of spore release was 11-16r5.5-8.5 mm (12.5¡2.6r7¡1.4 mm), significantly longer than the spores released at late stage (8.5-13.5r5-8.5 mm (10.5¡2.2r7¡1.4)) according to Tukey-Kramer Multiple-Comparison Test (p=0.05) ( Table 1 ). The widths of the basidiospores did not show significant differences between the early and late stage of release. There was no significant difference in sizes of basidiospores collected at the early stage of full cap expansion and at the late stage (Table 1) .
When basidiomata were partially expanded, very few spores were released. Once the basidiomata were fully expanded, within several hours, a large amount of spores were released into the air. The first three days were the peak period for the basidiomata to release basidiospores. The concentration of basidiospores near the basidiomata in the first day of full expansion of basidiomata was highest with an average of 77 137 spores m x3 and the concentration ranged from 21 992 to 151 270 spores m x3 (Figs 2-3). However, the highest concentration of 281 738 spores m x3 appeared around 2:00 am in the second day with a daily average of 75 062 spores m x3 . The average basidiospore concentration in the air in the third day dropped 44 % from the second day to 41 738 spores m x3 and the concentration ranged from 2261 to 204 838 spores m x3 (Fig. 3) . The average concentration in the fourth day dropped 95% from the third day to 1954 spores m x3 . After 4 d, the basidiospore concentrations were less than 400 spores m x3 (Figs 2-3) .
Basidiospore release exhibited a diurnal pattern with night peaks according to the means of 10-observation days (Fig. 4) . Basidiospores were released mainly during the night with a major peak of 55 562 spores m x3 at 02:00 and two minor peaks of 53 071 spores m x3 and 41 273 spores m x3 at 20.00 h and 06.00 h, respectively. The peak period lasted over 10 h. During the daytime, the concentrations were <20 000 spores m x3 (Fig. 4) . The diurnal patterns in the second and third days showed much shorter peak periods (Fig. 2) .
Airborne basidiospore concentrations dropped by 96-99% at the second location. Mean concentrations of basidiospores in the first three days were 940, 575, and 1359 spores m x3 , respectively (Figs 5-6). Concentrations of airborne basidiospores dropped to <250 spores m x3 three days later following the full expansion of basidiomata (Fig. 6) . Airborne basidiospores at this location showed a diurnal pattern, but with a much longer peak period which lasted from 18.00 h to 08.00 h (Fig. 7) . Airborne basidiospore population was observed to plunge significantly after 10.00 h and reached the lowest level at 14.00 h (Fig. 7) . A very small number of basidiospores infiltrated the residence through open windows or doors from time to time everyday (Fig. 8) . Airborne basidiospore concentrations in the first four days were 40, 22, 12, and 20 spores m x3 , respectively (Figs. 8-9 ). After four days, airborne basidiospores were usually absent in the living room, except for 8 and 9 Oct. The highest concentration was 387 spores m x3 at 18.00 h on 30 Sept. Airborne basidiospores in the living room showed a diurnal pattern with a maximal period from 18.00 h to 20.00 h and a minimum during the daytime (Fig. 10 ). According to Pearson Multiple Correlation Analysis, Airborne basidiospores on the deck (sampler 2) showed a significant correlation with those in the living room (Table 2) . Basidiomata age was very strongly and negatively correlated with basidiospore release and short distant dispersal. Time of day was not significantly correlated with basidiospores indoors and outdoors. Keeping windows or doors open was positively correlated with concentration of basidiospores in the living room. However, resident activity did not correlate with basidiospores in the living room. Relative humidity (RH) and dew were positively correlated with basidiospore release and short distance dispersal, while rain (light showers) and rain rate were positively correlated with basidiospore release, but not with short distance dispersal (Table 2) . RH, dew, and rain were not correlated with the basidiospores in the living room. Wind, including wind velocity, maximum wind velocity, wind direction and wind run was negatively correlated with basidiospore release and short distance dispersal. Barometric pressure was not significantly correlated with basidiospore release, and short distance dispersal (Table 2) . Temperatures (maximum, average, minimum), heat index, heat DD, and THW (Temperature Humidity Wind Index) were not correlated with either basidiospore release or short distant dispersal (Table 2) .
DISCUSSION
Philips (1991) stated that A. muscaria var. alba developed basidiomata from August to September. However, during the present study, they formed in October in Connecticut. Fully expanded basidiomata of A. muscaria var. alba lasted over 10 days, but the basidiomata released most basidiospores in the first three days following full expansion. Haard & Kramer (1970) observed that Inocybe fastigiata and Mycena rudilanthiformis (?M. roriduliformis) released their basidiospores mainly in the first 24-48 h after the pileus of the basidiomata were fully expanded. Other agarics and boletes discharged their basidiospore continuously for 1-6 days (Gilliam 1975) .
The basidiospores released in the first three days following the full expansion of basidiomata were significantly longer than the ones released several days later and the ones still on gills. Change in length of basidiospores could be in part due to availability of nutrients and water for basidiospore development. One week after the basidiomata's maturation, the basidiomata commenced to shrink and discolour. The deterioration was obvious. Metabolism at this stage in the basidiomata might not be able to provide quality nutrients and enough water for the development of basidiospores. However, more studies are necessary to determine the reasons and mechanism of change in length of basidiospores at different stages of basidioma development. Phillips (1991) described basidiospores that were ' 7.9-14.1r6.3-9.4 mm, ' shorter and wider than the ones observed (11-16r5.5-8.5 mm) in this study. Arora (1986) indicated the size of spores of Amanita muscaria was 9-13r6.5-9 mm, however, he did not provide the spore sizes of different varieties. However, in their recent monograph Neville & Poumarat (2004) give the spores of var. alba as '(7.7) 9-11(-13)r(6.3)7.7-8.3(9) mm '. These observations were in general agreement with the observation of the spores released at the late stage, 8.5-13.5r5-8.5 mm in this study, although slightly wider. The differences could be due to variations in fungal populations and geographic distribution.
Based on the literature, there was no indication of the presence of guttules in basidiospores as observed in this study. The presence of guttules could reduce the density of basidiospore and could be beneficial for basidiospore release and dispersal. Guttules could also serve as stored energy source for basidiospores' survival. However, future studies are necessary to understand the role of guttules in the life-cycle of A. muscaria var. alba.
Amanita muscaria var. alba released most of its basidiospores in the first three days following the full 5 spore m x3 . In the present study the number of basidiospores released on the fourth day dropped by 95 %. This explained why basidioma age was negatively correlated with basidiospores outdoors after the caps of the basidiomata were fully expended. The period of basidiospore release of A. muscaria var. alba was short and concentrated. Rockett & Kramer (1974) reported that annual lignicolous polypores released large numbers of basidiospores in a single short period, while Trametes versicolor and other leathery annual polypores discharged smaller numbers of basidiospore over a much longer period.
Basidiospore release of A. muscaria var. alba showed a diurnal pattern with a maximum release period at night. However, the pattern was not well defined and peak periods at nights in the first three days varied due to the influence of RH and rain. Part of the reason may have been due to rains and high relative humidity during the release period. There were light showers in the afternoon of 30 Sept., in the morning of 1 Oct., and in the evening of 2 Oct., respectively. Relative humidity was very high ranging from 95 to 100% at night and in part of the morning on both 30 Sept., and 1 Oct. 2004. Rain and relative humidity were important factors for basidiospore release. The effect of rain on airborne fungal spores depends on its intensity and duration (Lacey 1996) . The reason for no correlation between rain and airborne basidiospores at the second sample site may be due, in part, to light showers not affecting short distance dispersal significantly. A number of basidiomycetes, such as Coprinus and Ganoderma, showed well defined diurnal patterns with a maximum period at night (Li & Kendrick 1995b , Craig & Levetin 2000 . Haard & Kramer (1970) found Crepidotus, Panaeolus, and Oudemansiella showed a diurnal pattern with a maximum period around midnight and a minimum during the daytime. However, Kramer & Long (1970) found that under laboratory conditions (21 x and RH 90%) Ganoderma applanatum showed an endogenous rhythm of spore release with maxima occurring at 9-10 h intervals under either alternating 12 h light-dark or continuous light. Gilliam (1975) found that the discharge of basidiospores of Marasmius rotula was rain-dependent and did not follow the diurnal patterns displayed by other agarics. These results indicated that the release of basidiospores might be influenced by RH and rain or controlled by an endogenous biological mechanism. The lack of a significant correlation between time and airborne basidiospores outdoors may indicate that the diurnal patterns observed in the present study were not well established or defined. It may not be endogenous as showed by Ganoderma applanatum. Further studies are necessary to determine the exact mechanism of controlling basidiospore release and temporal pattern of A. muscaria var. alba. Negative correlations between wind speed and basidiospore concentration by the basidiomata and the location which was 5.2 m away and 2.7 m off ground might be due, in part, to the collection efficiencies of the samplers, which might be reduced when wind speed reached certain levels. The lack of correlation between wind direction and basidiospore release was mainly due to basidiomata development at a location where three sides were surrounded by woods ; only the east side was open and faced a residential lawn. At the same time, ground cover plants could interfere with air movement on the surface of the ground. However, air could move freely around the sampler which was 5.2 m away from the basidiomata. The negative correlation might be due to the local turbulence caused by the rail around the deck. As a result, the collection efficiency of the sampler may be reduced.
The concentrations of airborne basidiospores at the second location dropped 98 %. The results indicated that 98 % of basidiospores settled within an area with a 5.2 m radius and fewer than 2% of basidiospores dispersed to areas beyond 5.2 m from the basidiomata and 2.7 m above them. Philip H. Gregory and Margaret F. Gregory predicted that 90% of fungal spores from sources near the ground would deposit within 100 m in normal turbulence (Lacey 1996) . The dispersal distance of the basidiospores of A. muscaria var. alba was much shorter in the present study. Part of the reason may be that the spore dispersal process is complex. Not all spores will travel the same distance due to wind turbulence or irregular air movement (Lacey 1996) . McCartney (1991) indicated that the spore dispersal process is determined by wind speed, turbulence, and spore size. The size (relative large) and shape (broadly ellipsoid to elongate) of basidiospores of A. muscaria var. alba may be the two major factors in their rapid deposition. Low wind speeds and lack of eddy near the ground could be another reason also. However, further studies on spore dispersal of this fungus are necessary.
Airborne fungal spores can cause not only allergenic reactions, but also infections and mycotoxicosis to human beings and animals (Lacey 1996) . It is clear that basidiomata of A. muscaria var. alba can release a large number of basidiospores into the air at its peak period. However, it is not fully understood when mushroom hunters or individuals within the close proximity of basidiomata are exposed to such a high concentration, what kind of health effects these basidiospores may have, especially for the species which are toxigenic. Also, it will be useful to determine how many basidiospores can be developed in a basidioma in future studies.
As the caps of the basidiomata were not completely expanded and part of caps bent downward, release and dispersal of basidiospores from these parts of caps might be significantly reduced.
Only a very small number of basidiospores (<0.001 %) released from the basidiomata were recovered inside the residence living room, even in close proximity to the basidiomata and with open windows or doors from time to time. This indicates that A. muscaria var. alba has a low dispersal ability and its ability to infiltrate a residency is relatively low. The reason for the lack of correlation between resident activity and airborne basidiospores was due to, in part, the relatively large size of the basidiospores. Routine resident activity may not be efficient enough to resuspend settled basidiospores into the air. The filter in the HVAC system in the house may play a significant part by efficiently removing a large amount of basidiospores infiltrating the residence from the indoor air. Further studies on fungal infiltration of residences and other buildings are necessary to determine the interactive effects with architecture, building materials, HVAC systems, and maintenance and subsequently to determine the functional relationships of airborne fungi indoors and outdoors. Information from such research is imperative for the professionals who are conducting indoor air quality and indoor fungi investigation and remediation.
The rain shields used to protect the samplers might have effects on the collection of basidiospores. Rain might affect both basidiospore release and dispersal. Rain falling on the caps would generate minute vibrations, which might directly affect the release of basidiospores. Rain could wash out airborne basidiospores from the air and reduce the dispersal distance of this fungus. At the same time, the rain shield might significantly change the aerodynamics of air movement around the samplers. Such a change might have a significant effect on spore collection efficiency. Thus, it will be necessary to study the effects of rain shield on spore collection. It will be beneficial if the manufacturer can develop a water proof model for aeromycological research.
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